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Abstract 
The paper presents a proposed approach for the product design process integration in the context of Digital Factory (DF) 
framework. Started from the presentation of the DF vision (concept definitions, characteristics, possible architectures) there 
have been identified that data and models integration is a core activity for the DF implementation. One of the major 
challenges of data consistency inside the DF is related to the heterogeneity of tools and methods used for different design 
activities, including simulations that could be done by different actors involved in the collaborative work. The article 
describes a possible solution to face this challenge. The research aims to develop and describe IT platform architecture 
(client-server) that can be implemented for the product design process (based on the systematic design model representation 
and Product Lifecycle Management modelling).  
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1. Introduction - Digital Factory vision 
Digital Factory (DF) entitles the virtual environment for the lifecycle design of manufacturing processes and 
manufacturing systems using simulation and virtual reality technologies to optimize performance, productivity, 
timing, costs and ergonomics [1]. Relevant references define and describe DF concept from theory to practice, 
e.g. [2], [3], [4], [5], [6], [7]. DF concept prioritizes six most significant areas, according to their influence on 
production process flow. Any area covers the set of tools which all together integrate the whole production 
process, from product design to its production [1]: (1) product design systems; (2) process planning systems; 
(3) production process detail and validation systems; (4) production engineering systems; (5) production 
planning and control systems; (6) automation and process control systems. 
One of the most popular visions about DF is that of Kuehn that exposes this concept as “the integration of 
methods and tools available at different levels of planning and testing of the product and the manufacturing 
process, in order to control the operational manufacturing” [8]. DF can be defined also, as a “comprehensive 
network of digital models, methods, and tools, including modelling, simulation and 3D/Virtual Reality 
visualization, integrated by a continuous data management” [2]. The aim of this set of software tools and 
methodologies is to comprehensively design, model, simulate, evaluate and optimize products, processes and 
systems before a new factory is built or any modification is actually carried out on an existing system, in order 
to improve quality and reduce time of planning processes [2], [5], [9]. Furthermore, DF represents a virtual 
picture of a real production system. It is the environment integrated by computer and information technologies, 
in which the reality is replaced by virtual computer models (3D digital models). Such virtual solutions enable to 
verify all conflict situations before real implementation of factories and to design optimized solutions [10]. 
Based on actual data and models of planned products, production processes can be improved by using virtual 
models, until the proceedings are considered to be fully developed, tested, and especially without errors for use 
in real factory [11]. The real possibilities offered by DF are accessible only through an appropriate network of 
all resources, in conjunction with processes and hierarchical organization restructure. It is also, necessary to 
review and redistribute the skills and the responsibilities in all company`s departments [12]. Another vision of 
the DF is summarized as “the totality of computer-aided tools necessary for planning and simulation of new 
products and production facilities, as well as plant operation, connected through a central database” [9], [13], 
[14].  
The main characteristics of DF are: digitalization (to support simulation and/or virtual reality methods used); 
design and optimization based on simulation; distributed and hierarchic integration data. For the systems design 
digitalization and launch real output DF systems are based on integrated engineering approach [11]. 
DF (Figure 1a shows the DF concept representation) includes an information strategy to manage and 
integrate company processes (even if they are geographically distributed) [8]. A cross-linkage of the models 
and tools (considering static characteristics and systems dynamics) can be created through data exchange 
between systems. Furthermore, the collaborative work of different experts is possible from the product design 
to the inspection of the new or modified factory. This approach follows Product Lifecycle Management (PLM) 
model that aims at sharing information relative to a product in each phase of its lifecycle [15]. Data and models 
integration has been a core research activity to support DF implementation. The introduction of consistent data 
structures for improving the integration of design and planning activities and consequently supporting a 
continuous data exchange has been investigated in literature [16]. Some activities have focused on the 
definition of semantic correlations between the distributed models as well as the associated databases and the 
introduction of appropriate modelling conventions [15], [16]. Also, there have been developed methodologies 
for computer-supported co-operative development engineering, within a DF framework. Some researchers 
further suggested software architectures for relationship management [2]. The approach taken into account by 
Bracht and Masurat, is to implement a data management system to ensure, in addition, proper versioning with 
permanent access, with the possibility of two-way transfer between different systems of the DF in order to 
support collaborative work between different experts (Figure 1b). 
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Distributed and hierarchic models and architectures represent the manufacturing system from process 
planning, layout planning, logistics planning, control planning to the dynamic evaluation of production 
systems. It is recognized that actual data and models allow products and production processes improvement 
using modeling and simulation tools until the processes are fully developed and extensively tested for their use 
in the real factory [17], [18]. 
 
 
          a. DF concept representation [5] 
 
  
 b. DF vision (basic architecture) [17], [18] 
Fig. 1. DF concept and basic architecture  
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a. DF Open architecture [8] 
 
 
 
b. DF star-shaped architecture [17] 
Fig. 2. DF architectures 
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DF architecture has to integrate data, information and knowledge about the product, manufacturing, 
planning, simulation, communication and controls at all levels of planning and manufacturing. To design such 
architecture each resources must be defined using specific data and algorithms. DF architecture relates to the 
use of common data for all applications at different levels to allow working with virtual models (Figure 2a). 
Therefore, an open architecture is adequate for the DF implementation [5]. Another option for the DF 
architecture is the star-shaped where all the information are included in a central database, which may be 
accessed by different experts (Figure 2b). The database is not static, but dynamic; constantly up-date in order to 
support the dynamic evaluation of production systems [17]. The large quantities of data and the equally large 
number of different data formats constitute one of the main challenges of DF. The first major challenge 
connected to data consistency inside the DF is related to the heterogeneity of tools and methods used for 
different design activities, including simulations that could be done by different actors involved in the 
collaborative work. The second challenge connected to data consistency inside the DF is related to the 
heterogeneity of models used for simulation: diverse simulation families are currently available and they 
employ different models containing various levels of information. In this context, the paper will present a 
product collaborative design process approach related to the DF context, in order to face-up the first major 
challenge of DF. The proposed approached will be debated in the paper chapters: description of the proposed 
research methodology, description of the product design process model and the IT solution developed in order 
to support the collaborative design work. Finally, some conclusions and future work are presented. 
2. The research methodology description 
The proposed integrated design methodology for the product development, in the context of DF, is shown in 
Figure 3. It consists of four phases: (1) product design process model using the graphical representation with 
IDEF0 from iGrafx software; (2) product design process model using UML class diagrams; (3) the IT solution 
development for the collaborative product design process; (4) product design sequence model definition uses 
UML sequence diagrams. The first and second phase of the methodology defines the product design process. 
 
 
Fig. 3. The research methodology overview 
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3. Design process model 
3.1. Product design process model using IDEF0 diagrams 
The product design process model is based on the systematic design approach. Decomposition of the 
product life cycle stages can be seen as a set of activities that were modelling using IDEF0 modelling language 
(Integration Definition Function) from iGrafx 2011 software [19]. The graphical model result consists of 
diagrams in a hierarchical series that gradually display increasing details of the activities within the context of a 
process. The top-level diagram (A0 diagram) is define by the product life cycle activities associated with the 
corresponding inputs, outputs, methods of assisting and constraints incumbent (Figure 4). Product life cycle is 
considered a top-bottom approach that contributed to the product design processes development more clearly 
and completely. Thus, each activity is subject to a new decomposition respectively, it open several subtasks 
which in turn, can be decomposed in the further. Figure 5 present the A2 diagram that decomposes the design 
activities [20]. 
 
Fig. 4. A0 diagram: Product life cycle model 
Conceptual design phase (A21) has the objective to define the main product solutions (creative work). To do 
this, the essential problems are abstracted; product functions structure and suitable working principles are 
established; the product working structure is synthesized; finally, product conceptual solutions are evaluated 
under technical and economic criteria. 
Embodiment design phase (A22) is defined by activities in which designer/design team develop the full 
technical description and structure of the final product in terms of shapes and sizes. In this phase, the analysis 
tasks, evaluation and synthesis, are sequential and complements before reaching an optimal solution of the 
product. Embodiment design activities are detailed in: 
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x Virtual Design, in this phase the design team prepare all the documentation (CAD model, Digital Mock-Up 
etc.) for the product. The designer completely and thoroughly defines each component, specifying its size, 
material, diagrams and detailed plans, costs, and a description of its operation and use process; 
x Virtual Prototyping of the product, this is the phase that enabling the designer to examine, manipulate and 
test product designed using different software that facilitates communication between different departments 
involved in the concept design phase. 
x  
 
Fig. 5. A2 diagram: Design phases [20] 
Detailed design phase (A23) is defined by the activities in which the designer/design team has as input: 
constructive solution (defined in previous activity), the transformation make in this activity is the modelling of 
all stages that are required to manufacture the product, manufacturing management etc., and as output data: the 
product file. The transformation in this activity is carried out mainly by specialists in the design team that can 
return to the previous project phase or in an earlier stage of product development, in order to solve different 
problems or notifications about a certain constraint, standard etc. [20]. The detailed design activities are: 
x Virtual manufacturing that aims to achieve virtual products’ manufacturing process definition by exploiting 
existing production data to ensure quality, cost, quantity and delivery terms. The activity result is a 
manufacturing solution; 
x Virtual prototyping of the manufacturing take into consideration that for the production system, to 
accomplish the requirements and standards imposed by the use in to the virtual manufacturing activity, a set 
of virtual tests are necessary. For this tests the product, the cell and the manufacturing or assembly line will 
be passed through a number virtual simulations with certain constraints and the results will be included in 
the product file.  
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3.2. Product design process model using UML class diagram  
UML class diagrams are used in order to define classes and relations between activities included in the 
product design process. Concepts needed are defined by the input and output assist in the IDEF0 diagrams. Key 
concepts extracted from the product design process model using IDEF0 model diagrams that are integrated in 
to the UML diagrams are: 
x Alternative design – creating all possible design solutions of the product and passing them through all the 
design stages;  
x Alternative manufacturing - manufacturing the “house” or outsourcing, creating special technologies of 
manufacture etc.; 
x Process design, testing and manufacturing - identifying constraints that may appear and choosing the best 
design process to be follow; 
x Interface model - product representation in each design phase that allow data exchange easy; 
x Requirements for design, testing and manufacturing - all specific actions associated with the interface that 
define a set of attributes; 
x Information resources - to satisfy all information related to product and process;  
x Management - represented by the “actor” or design team that will manage the design and manufacturing 
activities. 
x In to the UML class diagrams design there have been introduced two models: 
x Interface model, which includes classes that represent the product model. For the purpose of the approach 
development there have been define: class “Project” representing the product needs and specifications; class 
“Alternative Product” representing alternatives solutions for the product design development, class “Design 
Approach” representing the approach choice alternatives for design activities; classes “Virtual Concept”, 
“Virtual Prototyping” and “Virtual Manufacturing”, which define alternative solutions; class “Alternative” 
representing the alternative outlook; 
x Data model, which includes: class “Process” and links related to it. Class "Process" is described by the 
process base at which the product is submissive in to the design cycle. In this class are included the product 
development alternatives, characterized by different constraints that were taken into consideration. 
The link between these two models represents the association path, from the “Choice Process” and 
“Integrating Constraints”. 
4. IT solution development for the collaborative product design 
The product design process model has support the IT platform for collaborative product design 
development. The IT platform was designed based on client-server architecture (Figure 6, where RI is raster 
image and CAD means computer aided design). The client can access various integrated or individual software 
applications that are installed on the server (or have access through the server) and that have to be used in 
different product design stages. Running software does not require significant resources from customer point of 
view because this can be done via Internet, from a user terminal. The IT platform management system gives the 
possibility to access software from any location by providing simultaneously and collaboratively works 
conditions, for several experts from different fields (design actors). Product design processes are developed 
online, using the software provided by the IT platform or off-line, using the software from local computers 
(results can be shared in the design team). Software solutions that exist on the IT platform can be used after an 
account creation by the user. All data and projects that are created by a design actor using the software 
applications will be kept on the IT platform’s server, with no risk of loss or destruction of information. The IT 
platform provides an online communication system in order to manage and develop project meetings 
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(synchronous work with two or more people involved). Different types of files, modeling results and simulation 
processes can be share during these sessions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. IT platform’s start page and IT platform client-server architecture 
 
Computer integrated development platform for digital product design and manufacturing was proposed as a 
starting point for the collaborative engineering model. The solution was chosen because product development 
process (in the context of DF) requires interdisciplinary, collaborative teamwork and that could be satisfied 
using web application. The web application that have been considered for the purpose of this research approach 
implementation is part of collaborative web applications with dynamic content; users/designers have easy 
access to the database (stored on the web server) according to their needs, in order to carry out the product 
design activities they are involved in. 
The IT development environment used for the platform development was Web 2.0 which is commonly 
associated with web applications that facilitate interactive information sharing, interoperability (user centric-
oriented) and collaboration on the World Wide Web [21]. Web 2.0 applications allow users to do more than the 
information acquisition; it offers possibilities for information storage, creation, and dissemination capabilities 
Web 1.0 [22], [23]. Web 2.0 functionalities proposed to be included in the designed IT platform were: Search, 
Links, Authorization, Tags, Extensions (web software is an application platform as well as a document server); 
Signals (signals such as RSS can notify users’ o about the content changes). IT platform architecture design has 
to explain the way classes were added to Entity Framework. Model View Controller (MVC) has been adopted 
as software architecture. MVC consisting of three main parts: the model (Model), the view (Presentation) and 
the controller (the module that gives the application functionality). MVC architecture operates through the 
interface control module. Viewer that sends requests to process requests that interrogate the database module 
and return the required data. MVC application consists of four main modules which are sub-divided into 
various small modules that solve different tasks. In order to create the IT platform for collaborative product 
design the ASP.NET 3.5 development environment was chosen, which together with Visual Studio 2008 
software provides interoperability between concepts as JavaScript, Ajax, JSON (JavaScript Object Notation), 
SQL, XML and services such as WCF (Windows Communication Foundation). 
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An important aspect of the IT platform (as a web application) development process represent the Raster 
Image Application definition. A preliminary analysis of the images rendering format and methods has been 
done. Two ways of image representations has been analyzed: 
x Raster image represent a collection of pixels of different colors; pixels representation depends on the 
resolution at which the image was created. In order to transmit (exchange, transfer) the image, for each pixel 
there has to be stored information about its position and color. The result consists of a high resolution image 
file, of big size. Scaling images causes shape and color deformation;  
x Vectorial image represents a collection of points connected by lines or curves defined by mathematic 
equation. Therefore, knowing the position of the start point, the color and the mathematic relationship by 
which they are connected, scaling is independent only of the dpi value. The image quality doesn’t change 
with the resolution change; the change of the image color is much easier (Figure 7). 
 
 
a. 
 
 
b. 
Fig. 7. Difference between raster (a) and vectorial image (b) 
Another aspect that has to be defined for the IT platform design as a web application was the CAD specific 
library definition. Web Browser does not have implemented standard library that can represent vector images. 
Therefore, in order to be viewed/edited images have to be processed from standard vector image in to the raster 
images. These transformations require access to a graphical library that should be implemented (to server or 
client). Followed the results of a focus group done in our research laboratory, the solution for the image 
transformations was that this action has to be made by each client in order to facilitate communication between 
server and client (minimum one stream file is sent from the server to the client where image is transformed and 
rendered by the client browser) (Figure 8). 
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Fig. 8. Part of class diagram for Data Model  
5. Conclusions  
Today new product development process requires a collaborative and integrated approach in order to shorten 
design and manufacturing duration, quick product launch on the market, quality increase, and reduce 
production costs. Though paper presentation and debate there have been demonstrate that these objectives can 
be attend by considering PLM for the product design process model in order to better integrate the design 
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process in the DF conceptual context. The proposed research methodology has underlined this aspect through 
its first stage: design process model. Product lifecycle decomposition (by defining and describing phases and 
activities) has been done using the IDEF0 diagram from iGrafx 2011 software, by adopting a top-bottom 
approach. This graphical modelling activity has conducted to the product design phases’ definition in order to 
integrate them in the DF context. Product design process modelling using UML class diagrams led to the 
definition and design of an IT platform with integrated architecture that supports the product design and 
manufacturing processes data management. One of the main advantages of the designed IT platform is that 
most of the software needed in the DF framework will run online from a central server and user/design actor 
will have access to them by individual account (software cost reduction). Another major advantage is that 
user/design actor will reduce hardware costs, too (there is no need of computers/terminals with specific 
configuration). The software solutions that are installed on the IT platform server can run even on a mobile 
terminal, the only requirement is of having a good Internet connection in terms of quality and transfer speed.  
Future research will be focused on the IT platform configuration using the cloud technology, in order to 
increase functionalities of collaborative work. 
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